Between May and September 2006, 640 specimens of the rabbitfish Siganus rivulatus ForsskDl (Teleostei, Siganidae) were examined for infections with intestinal helminths. These fishes were caught in the Red Sea off the coast of Sharm El-Sheikh, South Sinai, Egypt, examined in a field laboratory and separated into three size groups of regular length intervals. Only three species of helminths were recovered: the trematode Gyliauchen volubilis Nagaty, 1956 (Gyliauchenidae Fukui, 1929, the acanthocephalan Sclerocollum rubrimaris Schmidt et Paperna, 1978 (Cavisomidae Meyer, 1932 and the nematode Procamallanus elatensis Fusco et Overstreet, 1979 (Cucullanidae Cobbold, 1864. The distribution of these helminths along the intestine of S. rivulatus, in all patterns of single and concurrent infections and the corresponding prevalences and intensities of infection in the different size groups of the fish were recorded. In single infections, each parasite species was found distributed in a welldefined fundamental niche along the intestine of Siganus rivulatus, and a distinct partial overlap between the niches of G. volubilis and Sclerocollum rubrimaris was observed. In concurrent infections with these two species, their fundamental niches were significantly reduced, probably being affected by interactive site segregation and individuals of each species were found segregated in a restricted realised niche. In all other patterns of concurrent infections, each parasite species was normally found in its original fundamental niche. The prevalences of these parasites in the fish examined were relatively low and somewhat similar. In all patterns of single and concurrent infections, the intensity of infection was directly related to fish size. In concurrent infection with G. volubilis and S. rubrimaris, a significant decline was observed in the intensities of both species in the different size groups of the fish, but, in all other patterns of concurrent infections, no significant change in intensity was observed. These observations suggest that the interaction between G. volubilis and S. rubrimaris is probably a negative and symmetrical one. The mode of transmission of these parasites to the fish is also discussed.
Introduction
In ecological studies of gastrointestinal helminth parasites, the "fundamental niche" of a parasite is the distributional range of sites within the gut where the parasite occurs in single species infections. When the parasite co-occurs with a competing species, it may alter its distribution in the host gut to minimise its spatial overlap with the competitor. The niche it then occupies is its "realised niche"; this is often the portion of the fundamental niche that is competitor-free (Poulin 2001) . Some parasite species show "interactive site segregation", i.e. the fundamental niche of one or both species is reduced by the presence growth or fecundity of one species when co-occurring with a second species (Thomson 1980) . Generally, either or both functional and numerical responses are taken as evidence of interaction (Thomson 1980; Poulin 1998 Poulin , 2001 ), but a numerical response is the clearest.
The rabbitfish Siganus rivulatus ForsskDl (Teleostei, Siganidae) is common in the northern Red Sea. It is a herbivorous fish found in schools over sandy substrates covered by benthic algae and seagrasses. The intestinal helminths of this fish are well known (see Nagaty 1956 , Schmidt and Paperna 1978 , Fusco and Overstreet 1979 , Diamant 1989 , Dzikowski et al. 2003 , Hassanine 2006 . In the present study, the distribution of three species of parasitic helminths, including a digenean trematode, an acanthocephalan and a nematode, along the intestine of this fish was explored for the first time and on the basis of the above-mentioned ecological concepts. This study also presents new data on the prevalence and the intensity of infections of these parasites.
Materials and methods
From May to September 2006, a total of 640 specimens of the rabbitfish Siganus rivulatus ForsskDl (Teleostei, Siganidae), ranging between 9 and 26.9 cm in total length, were examined for infections by intestinal helminths (110-140 fish/month). These fish were caught by hand net (by scuba-diving) in the Red Sea off the coast of Sharm El-Sheikh, South Sinai, Egypt. Fish identifications were based on Randall (1983) and the names follow Froese and Pauly (2006) . To avoid parasite postmortem or other migration along the gastrointestinal tract, the fish were killed immediately after capture by a blow to the head and examined in a field laboratory (within 30-45 min after capture), where they were measured (total length) prior to dissection and separated into three size groups of regular length intervals. Then the entire alimentary canal of each fish was immediately removed and the intestine cut into 10 equal sections starting from the pyloric region. Each section was opened and its contents examined separately under a dissecting stereomicroscope; all the worms found were carefully teased out, and the opened section was then shaken vigorously in a jar of saline to dislodge further worms and to remove mucus. The worms collected from each individual fish were carefully counted, their positions in the intestine recorded and they were then preserved in 75% ethanol for subsequent species identification. Some trematodes were fixed in hot alcohol-formalin-acetic acid (AFA) and some acanthocephalans in 10% formalin under a slight coverslip pressure, stored in 75% ethanol, stained in acid carmine, cleared in terpineol and mounted in Canada balsam. Some nematodes were fixed in hot 4% formaldehyde under a slight coverslip pressure and cleared with glycerine for examination. Voucher specimens were deposited in the Helminthological Collection of the Red Sea Fishes, Marine Science Department, Faculty of Science, Suez Canal University, Ismailia, Egypt (Reg. no. 2006.10. 279 OEl¹ski 22.1-50 a, b, c for trematodes, nematodes and acanthocephalans, respectively). The intensity of infection was estimated as the total number of collected worms/number of infected fishes. The coefficient of dispersion (variance/mean = s 2 /×) was used to assess aggregation of parasites in their hosts. For statistical analysis of variations of intensity with fish size, and comparisons between the intensities of each parasite species in concurrent and single infections, the Spearman's rank correlation coefficient (r s ) and bootstrap t-tests were used according to Fowler et al. (2001) and Rózsca et al. (2000) .
Results
From the examined samples of Siganus rivulatus, a large number of intestinal helminths (22,837) belonging to only three species were recovered: the trematode Gyliauchen volubilis Nagaty, 1956 (Gyliauchenidae Fukui, 1929 ) (see Nagaty 1956 ), the acanthocephalan Sclerocollum rubrimaris Schmidt et Paperna, 1978 (Cavisomidae Meyer, 1932 ) (see Schmidt and Paperna 1978, Hassanine 2006 ) and the nematode Procamallanus elatensis Fusco et Overstreet, 1979 (Cucullanidae Cobbold, 1864 ) (see Fusco and Overstreet 1979) . These parasites were found without any noticeable variability throughout the period of collection, and their distribution along the intestine of the fish, in all patterns of single and concurrent infections ( Fig. 1) , was recorded, as were their corresponding prevalences and intensities of infection in the different size groups of the fish. The entire data set is shown in Table I .
Distribution of helminths along the intestine (Fig. 1)
In single infections, a clear trend in the distribution was observed and was consistent from fish to fish, where each parasite species was distributed in a well-defined fundamental niche along the intestine; G. volubilis in the anterior 70% of the intestine (Fig. 1A) , S. rubrimaris in the anterior 40% of the intestine (Fig. 1B) , and P. elatensis in the posterior 20% of the intestine (Fig. 1C) . Thus, the fundamental niche of each parasite species was readily determined and a distinct partial overlap between the niches of G. volubilis and S. rubrimaris was observed. In concurrent infections with G. volubilis and S. rubrimaris, the fundamental niches of both species were significantly reduced, as each species was found distributed in a restricted part (the realised niche) of its original fundamental niche; the former species was only found to be restricted to the middle 40% of the intestine and the latter was found only in the anterior 20% of the intestine, excluding the former species from attaching in this site (Fig. 1D) ; the upper third 10% of the intestine, between the two species was unoccupied and may act as a barrier between them. Thus, the fundamental niche of each species appeared to be affected by interactive site segregation due to the niche overlap.
In concurrent infections of G. volubilis and P. elatensis and also of S. rubrimaris and P. elatensis, each species was found distributed in its original fundamental niche as described for single infections, and no niche overlap was observed (Fig. 1E, F) . In concurrent infections of G. volubilis, S. rubrimaris and P. elatensis, the distribution of the first two species was the same as when they occur together in the absence of P. elatensis, and the distribution of P. elatensis was the same as described for single infections (Fig. 1G) . (Fig. 2) Of the 640 fish examined, 232 (36.25%) were parasitised; 34 (5.31%) with G. volubilis only, 48 (7.5%) with S. rubrimaris only, 22 (3.44%) with P. elatensis only, 38 (5.94%) with G. volubilis and S. rubrimaris, 26 (4.06%) with G. volubilis and P. elatensis, 37 (5.78%) with S. rubrimaris and P. elatensis, and 27 (4.22%) with G. volubilis, S. rubrimaris and P. elatensis. Thus, G. volubilis, S. rubrimaris and P. elatensis were found in 125, 150 and 112 hosts, respectively, i.e. in 19.53, 23.43 and 17.5% of the examined fish. So, their prevalences in the examined fish were relatively low and somewhat similar. In the intermediate and larger size groups of the fish, the prevalences for all patterns of single and concurrent infections were also low and relatively similar, but slightly higher than those for the smaller size group. (Fig. 3) In all patterns of single and concurrent infections, the intensity was significantly correlated with the fish size (Table II) .42 worms/host, and those of P. elatensis were 6, 7.14 and 10.14 worms/host. In concurrent infections of G. volubilis and P. elatensis and of S. rubrimaris and P. elatensis, no significant change in the intensities was observed. All of these observations were statistically significant as shown in Table III .
Prevalence of infection

Intensity of infection
In some cases of single infections with S. rubrimaris and of concurrent infection with this species and P. elatensis, individuals of S. rubrimaris were found crowded in 3-5 groups in the anterior 40% of the intestine, where the females were fully gravid, distended and had cement plugs attached to their posterior ends, indicating that insemination had occurred. However, in concurrent infections of G. volubilis and S. rubrimaris, individuals of the second species were found crowded in 1-2 large groups in the anterior 20% of the intestine. So, the intestinal lining of this region was severely damaged (strongly or completely eroded) by the proboscis of the worms, and in some cases the proboscis succeeded in penetrating the eroded part of the intestinal wall, which was originally thin-walled. Therefore, some intestinal contents escaped into the body cavity of the parasitized fish and appeared to be decomposed. These fishes were in very bad condition and were recognisable externally by their swollen abdomens.
Discussion
The method of collection of fishes may affect the normal distribution of helminths along their gastrointestinal tracts. Williams et al. (1991) showed that certain methods of capture (traps or nets) result in significant stress to fish. Such stress causes regurgitation and contributes towards the expelling of some intestinal helminths. According to Mackenzie and Gibson (1970) , the migration of parasitic helminths along the gastrointestinal tract of fish, during periods of starvation or after death, may also affect their normal distribution. In the present research, fish were caught by hand net (by scuba-diving) and examined in a field laboratory in the least possible time after capture in order to avoid significant changes.
Three helminth parasites were recovered from the intestine of Siganus rivulatus: the trematode Gyliauchen volubilis, the acanthocephalan Sclerocollum rubrimaris and the nematode Procamallanus elatensis. The life cycle of G. volubilis and other gyliauchenids is completely unknown. Cribb (2005) declared that, with few exceptions, the fish hosts of these trematodes are herbivorous, suggesting that their life cycles might incorporate cercariae encysting on algae. Amin (2004) stated that most acanthocephalans have a life cycle involving a single arthropod intermediate host and a vertebrate definitive host, but certain acanthocephalans utilize one or more species of a second class of vertebrate as a paratenic, or rarely post-cyclic, host (a predator vertebrate feeding on a prey fish harbouring the worm, and in which the worm can re-establish). In the known life cycles of Procamallanus spp., fish acquire the infection by feeding on a copepod harbouring the infective-stage larvae (see De et al. 2000) . This, and the fact that S. rivulatus is a herbivorous fish feeding mainly by grazing benthic algae and seagrasses, indicates that the transmission of the above-mentioned helminths to this fish most probably occurs through the direct ingestion of the infective stages 283 Lo et al. 1998 , Sasal et al. 1999 , Poulin 2000 . The typical distribution of helminth numbers between host individuals follows an aggregated pattern Dobson 1995, Shaw et al. 1998) , where few hosts harbour large parasite infrapopulations and most hosts harbour few or no parasites. Our observations suggest that intestinal helminths of S. rivulatus have a strong tendency to follow this pattern. Such an aggregated pattern of distribution may increase the chances of mating (Kennedy 1976) or may reduce the effects of interspecific competition (Dobson 1985, Dobson and Roberts 1994) .
In his review on the interaction between helminth species and the structure of their communities, Poulin (2001) concluded that: (1) the shift from the fundamental to the realised niche is the basic functional response to competition; (2) the change in the infrapopulation size of one parasite species in response to the presence of another species is a sure sign that the two species are somehow interacting and that their numbers are not independent of one another; and (3) competing parasite species may display either numerical or functional responses as a consequence of their interaction or both responses simultaneously. Accordingly, our results present relatively strong evidence of competitive interaction between the trematode G. volubilis and the acanthocephalan S. rubrimaris, since, in single infections, each species was distributed in a well-defined fundamental niche along the intestine of S. rivulatus, but the two niches were distinctly overlapping. So, in concurrent infections with these species, their fundamental niches were significantly reduced, probably being affected by interactive site segregation, and individuals of each species were found segregated into a restricted realised niche and an unoccupied barrier (the third 10% of the intestine) was established between them. However, a significant decline was observed in the intensities of both species in the different size groups of the fish. These observations suggest that the interaction between G. volubilis and S. rubrimaris is probably negative and symmetrical, since both the fundamental niche and the intensity of each species were significantly reduced. Interactive site segregation may establish a "reproductive barrier" to prevent interspecific hybridization between congeneric or between taxonomically related species, since they usually have similar copulatory organs (Rohde 1977 (Rohde , 1993 . The same cannot be said for the barrier observed between S. rubrimaris and G. volubilis, since they are taxonomically unrelated and have different copulatory organs. Such a barrier may, therefore, be an antagonistic one.
In concurrent infections of G. volubilis and P. elatensis and of S. rubrimaris and P. elatensis, each species was normally found in its original fundamental niche and no significant changes in intensity were observed. It is possible that these co-occurring species do not interact, either because they are not abundant enough to exert mutual pressures on one another, or because they differ in resource utilisation and their fundamental niches do not overlap (see Poulin 2001) . Generally, individuals of P. elatensis were only found in their original fundamental niche, irrespective of the patterns of concurrent infections.
During mating, individuals of S. rubrimaris were found crowded in 3-5 groups in their fundamental niche, i.e. in the anterior 40% of the intestine (in both single and concurrent infections with P. elatensis) but crowded in 1-2 large groups in the realised niche, i.e. in the anterior 20% of the intestine (in concurrent infection with G. volubilis). Consequently, the lining of the latter region of the intestine was severely damaged and sometimes the intestinal wall was penetrated by the proboscis of the worms. Penetration of the intestinal wall of fishes by acanthocephalan probosces has been reported by several authors (Venard and Warfel 1953 , Chaicharn and Bullock 1967 , Hine and Kennedy 1974 , McDonough and Gleason 1981 . Thus, such interactive site segregation of helminths, may result in harm to the fish host.
